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without involving passage of heat from a hotter to a colder body, so that the gain of entropy in question would then cease to exist.
Another case of irreversibility occurs when a body absorbs radiation in certain directions and emits radiation in all outward directions without gaining or losing heat on the whole. Here the invariant of the radiation is changed, and the scattering of light by small particles affords a familiar instance.
A third case, not yet considered, arises in connection with imperfectly radiating or absorbing bodies. A discussion of such bodies will be found in elementary treatises on light and need not be given here. For our purpose the phenomena are sufficiently represented by considering that the invariant of the emitted radiation is the same as that of a perfectly black body of loiver temperature while the invariant of the absorbed radiatron is the same as that of a perfectly black body of higher temperature. The irreversible changes are thus measurable in terms of heat taken from a higher to a lower temperature; and therefore they define increases of entropy.
All these cases are covered by Planck's general statement quoted above. Whether all the irreversible phenomena of the universe can be deduced from this statement by the consideration of intermolecular radiations is a difficult question to answer, especially in connection with such phenomena as diffusion of gases.
Note. In this chapter no attempt has been made to give a complete account of the thermodynamics of radiation. The proof of Maxwell's expression for the radiation, and all considerations relating to the distribution of light-waves of different frequency in black cavity radiations have been omitted. For a full discussion of these and other questions, and further considerations relating to the entropy of radiation especially as treated from a statistical stand-point the reader is referred to Dr. Planck's recent treatise.1)
CHAPTER XL
THERMODYNAMIC FORMULAE OF A SIMPLE SYSTEM. [CHAPTER III SHOULD BE REVISED BEFORE PROCEEDING- FURTHER.]
112. Deductions from the First Law. In Chapter III we showed that the various thermal differential coefficients of a body are not all independent but are connected by the formulae of the Differential Calculus for change of the independent variable. The laws of thermo-
1) Yorlesnngen uber die Theorie der WanneBtrahlungen. Leipzig, Earth, 1906.